Abstract. In 1802, Leopold von Buch described some outcrops of orbicular granite in the Karkonosze granite, Lower Silesia, Poland. In that publication, Abraham Gottlieb Werner wrote a foreword dated 1800. The Silesian discovery predates that of the well-known orbicular diorite (Napoleonite) in outcrop on Corsica and, thus, may be the first ever record of this distinctive rock type in its geological context. The characterizing, closely-packed, simple orbs comprise K-feldspar cores surrounded by rims of radiating K-feldspar and quartz. Rapid growth from a hydrous, pegmatitic melt is indicated. The Karkonosze outcrop, in the timing of its discovery, is a unique part of the geological heritage.
Introduction
Among granites, diorites and gabbros, orbicular varieties are some of the most striking. Orbicular granites and diorites typically occur as minor bodies near to the mixed margins of larger granite and diorite intrusions; many occurrences are now known worldwide. Orbicular gabbros are reported less frequently. The terms "kugel", "kulisty", "klot" and "ball" are applied to the same rocks in some German, Polish, Scandinavian and English sources respectively.
In typical examples of the texture, the characterizing orbs comprise a core that is granitic, an enclave, or a single mineral grain surrounded by a rim of radiating feldspar with quartz. The rim may be a simple sphere of radiating feldspar or, in more complex cases, involve increments of radial feldspar punctuated by tangential zones of elongate biotite flakes or amphibole.
The illustrations in the definitive review by Sederholm (1928) reflect the character and diversity of the texture. This paper concerns an outcrop(s) of orbicular pegmatite in the Karkonosze (Riesengebirge in German) granite intrusion of Carboniferous age in the Polish Sudetes. The purpose is, firstly, to suggest that this particular rock might be deemed the first orbicular granite ever described. The second aim is to reintroduce the work of some Polish and some German geologists to the discussion of orbicular granite -work that for reasons of language, place-name evolution and political history, is rarely referenced. Leveson (1966) is a rare modern exception. In the older literature, the Silesian rock was considered important (e.g., von Chrustschoff 1894; Hatch 1888). The early accounts of Hatch (1888) and Cole (1916) of the orbicular granite at Mullaghderg, Ireland, prompted this examination of the history of the Polish occurrence.
Date of discovery -priority
The orbicular outcrop(s) in the Karkonosze Granite was briefly described as granite with "kugeln" by von Buch (1802) . Von Buch, commissioned in 1796 to make a survey of Silesia as an inspector of mines, worked there from 1796 to 1797. In a short paper written by November 3, 1797, von Buch (1798) described the granite rocks around Bad Warmbrunn (Cieplice today), Schmiedeberg (Kowary) and Hirschberg (Jelenia Góra) but made no reference to kugeln. In the later more comprehensive work (von Buch 1802), these same locations were noted in connection with the small occurrences of orbicular rock. It was in this work that Abraham Werner wrote a foreword dated 1800. Von Buch departed Silesia in September 1797.
However, von Buch had written in 1797 a work entitled "Versuch einer geognostischen Berschreibung von Schlesien" which was accompanied by a map described as very advanced for its time (Noggerath 1853). This map is the Mineralogische Karte von Schlesien published in von Buch (1802) . The written work is not listed separately in "von Buchs gesammelte Schriften" (Ewald et al. 1870 ) presumably because it came to form the first part of the 1802 publicationthat in which the brief description of the kugel-bearing rock appears.
Thus, the most likely years of formal discovery were 1796 or 1797, though the outcrop might have been found at any time after about 1791 when students of Werner started to work in Silesia. The kugelgranite was originally recorded from as many as four locations, all in the general vicinity of what is now Jelenia Góra (von Buch 1802; Berg 1838).
Orbicular rock from Corsica was already known by this time. In 1785, a large block of orbicular diorite (gabbro), now believed to have been a prehistoric artifact, was discovered there. Granite standing stones (menhirs) are common on the island (see Gauthier and de Lanfranchi 1980) . Fragments of the block were sent to Paris. In the first written report, the rock was described as "spheroidal granite" (Besson 1789). Faujas de Saint-Fond was the first to describe the rock as "orbicular" and to illustrate its typical appearance (Faujas de Saint-Fond 1803-1809, Plate XX).
In May 1809, L. Mathieu found and reported the location of the source outcrop at some distance from the place of the original find (Mathieu 1809). Representative samples of Mathieu's material were described in some detail by Pinkerton (1811) and the orbicular granite was illustrated in that same year by Sowerby (1811, Plate 2). Clearly, the rock from Corsica was widely known by then. The less-striking Silesian rock was not, though it had been found more than a decade before Mathieu's outcrop discovery.
Mathieu (1813) also described globular porphyries associated with the orbicular rock on Corsica -as did Pinkerton (1811) using samples again supplied by Mathieu. The globules comprise a simple, radiating, spheroidal structure centered on a core (Faujas de Saint-Fond 1803-1809, Plate XX bis ); these invite comparison with the rock from the Karkonosze Mts.
The Silesian rock, an orbicular pegmatite, shows little of the zonal complexity or visual beauty of the Corsican orbicular diorite; the latter graces many museum collections. The French rock is, of course, that known as corsite and/or napoleonite -widely used as an ornamental decoration, e.g., Napoleon's tomb at Les Invalides, Paris and the Medici Chapelle, Florence. Small decorative objects were being fashioned from it even before the in situ outcrop was found.
Outline history of research on the Lower Silesian orbicular rock
Of the Karkonosze outcrops of orbicular rock noted by von Buch (1802) , only one at abieniec Hill at the edge of the village of Czarne (N 50°53¢14,55¢¢; E 15°40¢53,23¢¢) in the environs of Jelenia Góra is easily found. Krötenloch is the location name in the older German literature. A second outcrop in the same region at Chojnik (Kynast) castle in the same region, confirmed by Roth (1867), now appears lost. A part of the Czarne outcrop and the detail of a single orb are illustrated in Figure 1 .
The original cursory description of von Buch was followed by further brief descriptions by Rose (1842a, b; 1844), Roth (1867) and Klockmann (1882). Von Chrustschoff (1894) in the first detailed account noted a spatial association with pegmatitic schlieren and that orb cores (80-150 mm), comprising either single crystals of zoned K-feldspar, or fragments of fine-grained granite, were surrounded by fine-grained rims (50-80 mm). He identified an inner rim of radially arranged quartz and K-feldspar passing outwards into material with a saccharoidal texture. He concluded that the core fragments, whether of feldspar or granite, had been incorporated into the host granite during intrusion and partially resorbed. He recognized that, on cooling, rim crystallization had initially begun from magma immediately surrounding the core, that this magma was enriched in assimilated feldspar material and that the new rim feldspar had grown in crystallographic continuity with the core feldspar. Outwards, as the influence of the core on growth lessened, a more granular texture developed. The enclosing rock, to which the orbs are strongly welded, then crystallized. Clearly, the nucleating role of the core feldspars was appreciated by von Chrustschoff as was their role in contributing material components involved in rim growth. Milch (1898) differed with respect to the origin of the cores -viewing them as cognate host-granite material, not granite or phenocrysts accidentally incorporated. Johannsen (1932) , in summarizing the earlier work, made equivalent use of the terms orb, spheroid and variole. Johannsen's Figure 64 is perhaps the earliest published outcrop photograph. The account of Berg (1938) , which also included photographs, addressed the question of further orbicular-granite outcrops in the area and noted Werner's 1800 foreword in von Buch (1802) . Borkowska (1966, p. 114) briefly described the Karkonosze "granity kuliste" as "orbiculaire" and with "concrétions micropegmatiques a noyaux constitutes de gros cristaux de feldspath potassique rosé interpénétrés d'oligoclase et de biotite". Karwowski and Koz³owski (1972) identified the "pegmatyt kulisty" as the marginal facies of an aplite vein cutting porphyritic granite. They clearly distinguished the orbicular rock from 82 an adjacent, orb-free, drusy pegmatite with large microclines, graphic intergrowths, albite, muscovite, quartz and thick biotite plates. In the orbicular rock, large biotites in aggregates characterize only orb cores. In superb illustrations, Karwowski and Koz³owski (op. cit., Fig. 3 and Plate 7) show the twinning of core feldspars reflected in the surrounding rims. Quartz gas-liquid inclusion data underpinned the conclusion of Karwowski and Koz³owski (1972) that the orbicular rock developed from an aplite melt containing feldspar megacrysts, that the crystallization of the megacrysts -the future orb cores -had occurred at about 640°C and that of the feldspar-quartz rims at about 500°C. They concluded that growth of the rim feldspar and quartz had been promoted by a rapid temperature drop and, probably, gas loss.
Our brief examination of the orbicular rock confirms the older observations. There was no punctuation in the growth event. There is no biotite ordering into concentric zones as in many other occurrences, e.g., the orbicular granite at Mullaghderg in Ireland (Cole 1916). In the Karkonosze rock, the rims of coarse, radiating, feathery feldspar with quartz are, however, richly scattered with small biotite laths. The simplicity of the Polish rock probably reflects the lack of inclusions such as, e.g., biotite schist or amphibolite; there was nothing that could lead to core-surrounding compositional gradients with the potential to spawn Fe-Mg minerals in any quantity. There was little potential, nor time, for rhythmic supersaturation as reflected in the zoned feldspar-biotite rims of the Mullaghderg rock or in the spectacular hornblende-feldspar rims of the Corsican diorite.
Concluding remarks
The origin of orbicular structure remains a matter of discussion. Moore and Lockwood (1973) , in highlighting the comparison with comb layering, provided a significant focus. Vernon (1985) provided another by emphasizing the potential role of superheating.
In the case of the Karkonosze orbicular rock, observations and conclusions by Vernon (1985) and Ort (1992) suggest an applicable model. The hydrous "orbicular" magma was prone to the superheating that effectively eliminated potential nuclei. Thus, there were few nuclei in the "orbicular" magma and many, as is usual, in that of the hosting granite. Pressure changes, related perhaps to intrusion, resulting in the exsolution of water and other volatiles, led to significant undercooling. Rapid crystallization outwards from the few remaining solid cores occurred in essentially one growth phase. There were no granite minerals floating in the immediate vicinity to be trapped within the growing orbs or, if there were, they were pushed away. The drusy cavities in the adjoining orb-free pegmatite reflect the final release, towards the close of crystallization, of the hydrous component that had been critically present throughout. This model differs little from that proposed by Karwowski and Koz³owski (1972) .
The concomitant growth of quartz and K-feldspar in poikilitic overgrowths and granophyric intergrowths were important processes in the development of the Karkonosze orbs. The simplicity of this occurrence suggests that it is a close natural analogue of radiating intergrowths of quartz and feldspar experimentally grown from supercooled melt (Baker, Freda 2001 and Fig. 3 .57 from Baker in Vernon 2004). The early interchanging of the descriptive terms "orbicular" and "spherulitic" in the early literature is no surprise -and neither would a genetic comparison.
The outcrop at Czarne is associated with pegmatite in an intrusion in which rapakivi feldspars are common (Borkowska 1966; S³aby and Gotze 2004) . London (2005) noted that "whether discussing pegmatites or rapakivi and orbicular granites, the problem is the same; how to explain the origins of complex fabrics, zonation and geochemical and mineralogical peculiarities that distinguish these rocks from ordinary granites". In Karkonosze, they all happen. The orbicular facies of the Karkonosze intrusion might contribute to further understanding of the late, volatile-enriched history of the hosting intrusion -if not treated in isolation and if further outcrops were rediscovered.
The Karkonosze orbicular rock is unique and historically important as the first such recorded an outcrop. It is not likely that an earlier find would have been scientifically documented though it is surely inconceivable that these widespread if unusual, beautiful and mysterious rocks would have drawn the attention of a distant human past only on Corsica.
